Fruit intake is generally associated with better diet quality and overall health. This report examined the effect of 100% fruit juice (considered a part of total fruit servings) and its replacement with whole fruits equivalents on nutrient intake and diet quality. National Health and Nutrition Examination Survey 2013-2016 data (24-h dietary recall) from adults 19+ years (n = 10,112) were used to assess the diet quality and nutrient intakes and to isocalorically replace with 100% fruit juice intakes whole fruit equivalents in a modeling analysis. About 15.6% adults were 100% fruit juice consumers. Consumers had higher diet quality (10% higher Healthy Eating Index, HEI 2015 score), and higher intakes of energy, calcium, magnesium, potassium, vitamin C and vitamin D than non-consumers. Consumption of 100% fruit juice was also associated with lower risk of being overweight/obese (−22%) and having metabolic syndrome (−27%). Replacing 100% fruit juice with whole fruits equivalents did not affect nutrient intake except for a modest increase (+6.4%) in dietary fiber. Results show that 100% fruit juice intake was associated with better diet quality and higher nutrient intake. Replacement of 100% fruit juice intake with whole fruits equivalents had no significant effect on nutrients except for dietary fiber.
Introduction
Increased fruit and vegetable consumption are associated with a reduced risk of CVD, diabetes and stroke, and their low intake is linked with poor health and increased risk of chronic diseases [1] [2] [3] [4] [5] . Fruits and vegetables are important sources of a number of key nutrients, including K, Mg, dietary fiber, folate, and vitamins A and C, and an array of bioactive substances [1, [6] [7] [8] . Due to their nutritional value, they are consistently recommended by public health authorities globally and increasing their consumption is an important public health goal [9] . Dietary Guidelines for Americans 2015-2020 (DGA) recommends consumption of fruits and vegetables as part of healthy eating pattern [1] . Two or more servings of fruits and three or more servings of vegetables per day are recommended by most nutritional guidelines [2] . Increasing the contribution of fruits to the diets of adults and children is also one of the key objectives of Healthy People 2020 [10] . Despite these recommendations, there is a huge gap between recommendations and consumption. In 2015, only 12.2% U.S. adults (9.2% male and 15.1% females) met fruit intake recommendations and 9.3% adults (7.6% male and 10.9% females) met vegetable intake recommendations [11] .
ChooseMyPlate recommends that half of the food on a meal plate should be fruit and vegetables and adults should consume 1.5 to 2 cups equivalent fruit per day depending on age, gender, and physical activity [6] . The fruit requirement can be met by consuming fresh, frozen, or dried whole fruit, or 100% fruit juice. DGA and MyPlate indicated that one cup of 100% fruit juice can be considered as one cup serving from the Fruit Group and 100% fruit juice in moderation can be part of healthy eating patterns [1, 6] . However, there is an ongoing scientific debate on the recommendations for 100% fruit juice intake, especially for children. Concerns have been raised that naturally occurring sugars in 100% fruit juices may cause weight gain similar to those of sugar-sweetened beverages, again especially in children [12] [13] [14] , however, several studies concluded that 100% fruit juice was not associated with meaningful weight gain [14] [15] [16] . Several randomized controlled trials have also suggested a positive or null effect of 100% fruit juice on cardiometabolic risk factors and glucose control [17, 18] . A few previous cross-sectional studies also reported that children and adults who consumed 100% fruit juice had better diet quality and nutrient intakes than non-consumers [19] [20] [21] [22] [23] [24] [25] . The main purpose of this study was to provide an updated evaluation of the association of 100% fruit juice consumption by consumption level and the effect of replacing 100% fruit juice with whole fruit equivalents on nutrient intake and diet quality using the most recent National Health and Nutrition Examination Survey (NHANES) 2013-2016 database. Secondary aim of this study was to evaluate the association of 100% fruit juice consumption with physiological markers of risk.
Methods

Data Collection
The NHANES is a cross-sectional survey of nationally-representative non-institutionalized civilian population conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC) on a continual basis to examine nutrition, diet and health relationship. The data are collected using a complex stratified multistage cluster sampling probability design via an in-home interview for demographic and basic health information, and a comprehensive diet and health examination in a mobile examination center. A detailed description of the subject recruitment, survey design, and data collection procedures are available online [26] and all data obtained from this study are publicly available at: http://www.cdc.gov/nchs/nhanes/. NHANES protocol was approved by the NCHS Ethics Review Board and all participants or proxies provided a signed written informed consent. This study was a secondary data analysis which lacked personal identifiers, therefore, did not require Institutional Review Board review.
Study Population
Data from adults age 19+ years participating in NHANES 2013-2014, and 2015-2016 (n = 11,776) were used; however, those with unreliable data (n = 1461), primarily incomplete recalls, determined by the United States Department of Agriculture (USDA) and pregnant or lactating females (n = 203) were excluded, and the final sample size was 10,112 adults.
Estimates of Dietary Intake
Dietary intake data were obtained from in-person 24-h dietary recall interviews that were administered using an automated, multiple-pass (AMPM) method [27] . While two dietary recalls were collected the first day dietary recall was collected with methods that have been validated and as such only this dietary recall was used in all analyses. 100% fruit juice intakes were assessed from 30 available USDA food codes beginning with 612 and 614 (Table 1) . Fruit juices reconstituted from concentrate with water were also considered as100% fruit juice. Juice cocktails, juice punches, juice drinks, or juice beverages and fruit juices with any added sugars were not considered as 100% fruit juice in this study. Fruit juice consumers were defined as those consuming any amount of 100% fruit juice during the first 24-h recall. Participants were dichotomized into consumers and non-consumers of 100% fruit juice; and consumers were further classified into 4 groups based on 100% fruit juice consumption levels:(>0-4 oz, >4-8 oz, >8-12 oz and >12 oz. Energy and nutrient intake were determined by using the USDA Nutrient Database for Standard Reference Releases in conjunction with the respective Food and Nutrient Database for Dietary Studies for each NHANES cycle [28, 29] . 
Estimates of Diet Quality
Diet quality scores were determined using the USDA Healthy Eating Index-2015 (HEI-2015) [30] . The HEI-2015 contains 13 subcomponents, each reflecting the DGA's recommendations. Dietary intake was expressed per 1000 kilocalories for all components except for fatty acid ratios (expressed as ratio of unsaturated to saturated fatty acids), saturated fat (expressed as % energy) and added sugars (expressed as % energy). Total vegetables; greens and beans; total fruit, whole fruit; total protein; and seafoods and plant proteins were scored proportionally from 0 to 5 points and all other components (i.e., whole grains; dairy; fatty acids; sodium; refined grains; saturated fat; and added sugars) were scored proportionally from 0 to 10 points. Four components, sodium, refined grains, saturated fat, and added sugars are reverse scored, so that lower intake leads to a higher score, and thus a greater contribution to overall diet quality. The maximum possible score was 100 [30] .
Estimation of Physiological Markers of Risk
Body weight, body mass index (BMI), waist circumference, blood pressure, total cholesterol, LDL-cholesterol (fasting), HDL-cholesterol, triglycerides (fasting), plasma glucose (fasting), glycohemoglobin, and insulin (fasting) were measured using NHANES standard protocols [26] . Homeostasis model assessment: insulin resistance (HOMA-IR) was calculated as: insulin (mU/L) × plasma glucose (mmol/L)/22.5 [31] . The following criteria were used to define risk factors: elevated waist circumference: waist circumference > 102 cm for males, >88 cm for females; elevated blood pressure: systolic BP ≥ 130 mmHg or diastolic BP ≥ 80 mmHg or taking hypertension medication; reduced HDL-cholesterol: HDL-cholesterol < 40 mg/dL for males, <50 mg/dL for females or taking antihyperlipidemic medication; elevated triglycerides: triglycerides ≥ 150 mg/dL or taking antihyperlipidemic medication; elevated plasma glucose: plasma glucose > 100 mg/dL or taking antidiabetic medication; metabolic syndrome: positive diagnosis for 3 or more of the risk factors described above; overweight or obese: BMI ≥ 25 kg/m 2 ; elevated LDL-cholesterol: LDL ≥ 100 mg/dL or taking antihyperlipidemic medication [32, 33] .
Dietary Modeling
Intake 100% fruit juice in consumers was isocalorically replaced by whole fruit equivalents (food codes beginning with 611, 631, 632 and 633; Table 1) in the juice modeling analysis. Usual intakes (UI) of nutrients was estimated using the National Cancer Institute (NCI) Method V. 2.1 [34] ; the percentage of the population below the Estimated Average Requirement (EAR) or above Adequate Intake (AI) were estimated with two days of intake data in 100% fruit juice consumers before and after replacement.
Statistics
All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA) software. The data were adjusted for the complex sampling design of NHANES, using appropriate survey weights, strata, and primary sampling units. Day1 dietary/examination weights were used in all analysis except where the outcome was a fasting laboratory variable in which case fasting subsample weights were used.
Mean descriptive data were determined for consumers and non-consumers of 100% fruit juice; differences in groups were determined via t-tests. Least square means (LSM) and standard errors (SE) were generated via regression analyses for energy and nutrient intakes; diet quality; and physiological risk markers in non-consumers and 100% fruit juice consumers (including consumers by consumption level). Analyses were adjusted for age, gender, ethnicity, physical activity level, poverty income ratio level, current smoking status, alcohol and energy intake (except for energy and diet quality) for energy, nutrients and diet quality. BMI was also added to covariate list for all physiological and risk variables except for body weight, BMI, waist circumference, overweight or obese status, elevated waist circumference status and metabolic syndrome. The p-values for trend across fruit juice consumption level in the LSM and odds ratios (OR) analyses were based on models with 100% fruit juice (oz) as a continuous variable. Significant differences before and after isocaloric replacement of 100% fruit juice intakes by whole fruit equivalents in modeling analysis were accessed by a Z-statistic being compared to a normal distribution table.
Results
Demographics
Approximately 15.6% of adults consumed 100% fruit juice and about 1.2%, 4.6%, 4.2%, and 5.7% of adults consumed > 0 to 4 oz/day, >4 to 8 oz/day, >8 to 12 oz/day, and >12 oz/day, respectively. Adult consumers of 100% fruit juice were older, and had lower BMI compared to non-consumers (P < 0.05). A significantly higher proportion of 100% fruit juice consumers were male, Hispanic, non-Hispanic blacks, and lower proportion were non-Hispanic white, of other ethnicity, smokers, obese compared to non-consumers (P < 0.05). All other demographic characteristics evaluated were similar among consumers and non-consumers of 100% fruit juice (Table 2) . 
100% Fruit Juice Intake
Per capita mean usual intake (a measure of long-term intake) of 100% fruit juice was 0.26 ± 0.01 cups eq/day with a 95th percentile of intake of 1.11 cups eq/day. 100% fruit juice provided on average of 153 ± 4 kcal/day or 7% energy, 138 ± 6 mg/day or 14% calcium, 30.3 ± 0.7 mg/day or 10% magnesium, 480 ± 11 mg/day or 16% potassium, 94.4 ± 1.9 mg/day or 61% vitamin C, 0.83 ± 0.02 g/day or 5% dietary fiber and 29.1 ± 0.7 g/day or 23% total sugars (by definition 100% fruit juice provides zero added sugars) to the consumers on the day of recall.
Effect of Intake of 100% Fruit Juice on Energy and Nutrients Intake
There were significant differences in energy and nutrient intakes between the 100% fruit juice consumers and the non-consumers (Table 3) . Consumers had a significantly higher intake of energy (+8.3%) and energy adjusted carbohydrates (+8.6%), total sugar (+18.1%), calcium (+8.0%), magnesium (+3.3%), potassium (+13.2%), thiamin (+5.1%), folate (+10.1%), vitamins B6 (+6.6%), vitamin C (+143%), Vitamin D (+17.8%) and beta-cryptoxanthin (+70.7%), and lower intakes for added sugars (−14.5%), total fat (−8.9%), protein (−3.9%) and sodium (−4.4%) compared to non-consumers. The intakes of energy, carbohydrates, total sugars, calcium, magnesium, potassium, folate, vitamin B6, vitamin C, vitamin D and beta-cryptoxanthin also increased while the intakes of added sugars, total fat, protein, sodium, riboflavin, niacin, decreased with increasing 100% fruit juice consumption level (Table 3) . 
Effect of Intake of 100% Fruit Juice on Diet Quality
Adult consumers of 100% fruit juice as compared to non-consumers had a 5.0 point or 10% higher (P < 0.0001) HEI-2015 (a measure of diet quality) total score and there was a significant group trend (P < 0.0001) for increasing HEI-2015 total score with increasing consumption level ( Table 4 ). The HEI 2015 total score of adult consumers were also significantly higher compared to non-consumers when the data was analyzed separately for males and females and for age groups 19-30, 19-50, 31-50, 51-70, 51-99 and 71-99 years (data not presented). The HEI 2015 subcomponent scores for total fruit, whole fruit, whole grain, sodium, saturated fat and added sugar were also significantly higher (P < 0.05 for whole grain and P < 0.01 for other variables) for consumers compared to non-consumers with a significant group trend (P < 0.01) for increasing HEI-2015 subcomponent scores (total fruit, whole fruit, sodium, saturated fat, and added sugar) with increasing 100% fruit juice consumption level (Table 4 ).
Effect of Intake of 100% Fruit Juice on Physiological Markers
100% fruit juice adult consumers as compared to non-consumers had a significantly lower BMI (28.3 ± 0.3 vs. 29.5 ± 0.2 kg/m 2 , P = 0.0009), body weight (80.4 ± 1.0 vs. 84.0 ± 0.5 kg, P = 0.0019), waist circumference (97.9 ± 0.8 vs. 101 ± 0.3 cm, P = 0.0025), plasma glucose 106 ± 1 vs. 109 ± 1 mg/dL, P = 0.0491), and glycohemoglobin (5.59 ± 0.03% vs. 5.68 ± 0.01%, P = 0.0035). Adult consumers of 100% fruit juice also had a significantly lower risk for being overweight or obese (OR = 0.78; 95% CI = 0.65, 0.95; P = 0.0147), having an elevated waist circumference (OR = 0.69; 95% CI = 0.56, 0.85; P = 0.0012) and metabolic syndrome (OR = 0.73; 95% CI = 0.58, 0.93; P = 0.0115) as compared to non-consumers.
Effect of Isocaloric Replacement of 100% Fruit Juice with Whole Fruit Equivalents
When 100% fruit juice was isocalorically replaced by whole fruit equivalents, there was a significant increase (+6.4%, P = 0.0008) in usual intake of fiber (Table 5 ) for consumers. There was also a significant increase (P = 0.0102) % of population with intakes above AI for dietary fiber with replacement. However, the replacement did not significantly affect (P > 0.05) usual intake or inadequacy (% population below EAR) or % population above AI for any other nutrients (Table 5 ). 
Discussion
In the present analysis of NHANES 2013-2016 using the most recent nationally representative sample of US adults, 100% fruit juice consumption was associated with better nutrient intake and better diet quality, and replacing 100% fruit juice with whole fruits equivalents resulted in only a limited impact on nutrient intake, except for a small increase in dietary fiber.
Approximately 16% of the population consumed 100% fruit juice on the day of recall and the mean per capita usual intake was 0.26 cups equivalent per day. Although there are no specific recommendations for adults for 100% fruit juice consumption, DGA recognized one cup of 100% fruit juice as one cup serving of fruit and indicated that up to half the daily fruit intake may come from 100% juice in a healthy eating pattern [1]. The rationale for limiting 100% fruit juice intake to only half daily fruit intake was that the juice is lower in fiber than whole fruit [1] . In our dietary modeling study, isocaloric replacement of 100% fruit juice with whole fruit equivalents resulted in only a modest (6.4%) increase in usual intake of dietary fiber. An earlier modeling study conducted by USDA for the 2005 Dietary Guidelines Advisory Committee also reported improved fiber intake by replacing juices with fruit for children [35] . The Committee concluded that 100% fruit juice provided higher amounts of several important vitamins and minerals than whole fruits. However, we did not find any significant changes in the usual intakes as well as percentage of the population below the EAR/ above the AI of any other nutrients due to replacement of 100% fruit juice with whole fruit equivalents.
Consumers of 100% fruit juice had a better diet quality, as assessed by HEI-2015, in the present analysis. HEI is a validated marker of diet quality commonly used to evaluate diets and dietary interventions [36] [37] [38] , to validate other nutrition research tools [39] and to understand relationships between nutrients/foods/dietary patterns and health-related outcomes [40] [41] [42] . A higher score of HEI-2015 is an indication of better compliance/adherence to key dietary recommendations of the DGA using 13 subcomponents (nine for adequacy and four for moderation) [1]. In the present analysis of NHANES 2013-2016 data, we found that the HEI-2015 total scores as well as subcomponent scores for total fruit, whole fruit, whole grain, sodium, saturated fat and added sugar of 100% fruit juice consumers were significantly higher than that those of non-consumers. A higher HEI-2015 score for total fruit, whole fruit and whole grain are indicative of their higher intakes while higher score for sodium, saturated fat and added sugars are indicative of their lower intakes [30] . These results are in agreement with earlier cross-sectional studies analyzing older versions of NHANES 2003-2006 [19, 20] as well as other data sets [21, 22] . In our present analysis, we additionally found a significant trend towards higher HEI 2015 score (total score and specific subcomponents scores) with increasing consumption of 100% fruit juice from <4 oz to >12 oz suggesting that diet quality increased with increasing 100% fruit juice intake. The fact that 100% fruit juice was also associated with increased sub-component scores for whole grain, sodium, and saturated fat suggests fruit juice consumers consume healthier foods/diets. 100% fruit juice consumers had significantly higher intake of calcium, magnesium, potassium, thiamin, folate, vitamins B6, vitamin C, vitamin D and beta-cryptoxanthin and intake of these nutrients (except thiamin) increased with increasing level of 100% fruit juice intake. Many of these nutrients are currently under-consumed and have been identified as "shortfall nutrients" by the DGA [1] . Additionally, the DGA has classified calcium, potassium, and vitamin D as "nutrients of public health concern" due to the fact that their current intakes are low enough to pose a public health concern [1]. Thus, foods containing these nutrients need to be promoted for children and adults. Similar improved intakes of many vitamin and minerals among 100% fruit juice consumers were also reported in earlier cross-sectional studies [19] [20] [21] [22] . The consumers of 100% fruit juice had a 154 mg less sodium than non-consumers. High sodium intake has been linked to blood pressure and therefore limiting dietary sodium is an important public health improvement target [1]. The consumers of 100% fruit juice also had a higher energy intake and higher intake total sugar than non-consumers in the present analysis. However, the intake of added sugars was significantly lower in 100% fruit juice consumers, indicating that consumers are probably not consuming as much sugar sweetened beverages. Although 100% fruit juice contains naturally occurring sugars, it has no added sugar. DGA also recommended limiting added sugar to 10% total daily energy intake [1].
Additionally, adult consumers of 100% fruit juice also had lower BMI/body weight and certain metabolic markers, and a reduced risk for obesity and metabolic syndrome. Consumers of 100% orange juice also had lower BMI and cardiometabolic markers in earlier analysis with NHANES 1999 NHANES -2004 NHANES and 2003 NHANES -2006 , and another database [45] . However, some cross-sectional studies reported no association between 100% fruit juice and BMI among French adults [22] , or a positive association among postmenopausal women [46] . It is interesting to note that although compared to non-consumers, 100% fruit juice consumers had 8% more energy intake on the day of the recall, they had about 4% lower BMI/body weight and were at 22% less risk for being overweight/obese in the present analysis. However, as noted above, juice consumers had better diet quality (10% higher HEI-2015 score) than non-consumers. Diet quality may play a significant role in body weight metabolism. However, more research especially using randomized controlled trials are needed to confirm this.
A major limitation of this study is the use of cross-sectional study design, which cannot be used to determine cause and effect. The dietary intake data were self-reported recalls relying on memory, and are potentially subject to reporting bias. While dietary recalls in NHANES were collected using one of the best available and validated methodology, the AMPM method, there are still limitations with it [47] . Finally, a single 24-h recall only provides consumption patterns of the day of recall and may not be sufficient to separate regular consumers from non-consumers [48] . It is also important to recognize that the results from this study do not specifically reflect the effect of fruit juice consumption only, but rather reflect the consumption of fruit juice within the context of the total diet. While we used a number of covariates to adjust our results, we cannot rule out that residual confounding may explain some of the reported associations.
Conclusions
Results from this study show that the consumption of 100% fruit juice was associated with better nutrient intake and diet quality and the association was also related to the consumption level. Isocaloric replacement of 100% fruit juice with whole fruits equivalents had no effect on nutrient intake, except for a small increase in dietary fiber.
